Keratoacanthomas are rapidly growing benign epithelial derived neoplasms that may evolve into squamous cell carcinomas, or represent a variant of squamous cell carcinoma. ICAM (CD-54) is a ligand for the cell adhesion receptor LFA-1, shown to be important in immune stimulation that is upgraded in inflammatory cutaneous disorders. VCAM (CD-106) is an adhesion molecule normally found in stimulated endothelium, that plays a critical role in the migration of leukocytes. We examined the immunohistochemical expression of ICAM (CD-54) and VCAM (CD-106) in a series of 50 evolving, fully developed, resolving keratoacanthoma and welldifferentiated and poorly differentiated squamous cell carcinoma to evaluate the possible temporal and pathogenic relation of these immune recognition markers and epithelial derived tumors. ICAM (CD-54) showed an increase in expression in the fully developed keratoacanthoma and was absent in the evolving and resolved keratoacanthoma. In the squamous cell carcinomas, expression was focally observed in the well-differentiated squamous cell carcinomas with a dramatic increase seen in the poorly differentiated squamous cell carcinomas. Similarly, VCAM (CD-106) was expressed in the fully developed keratoacanthoma and was absent in the evolving and resolved keratoacanthoma. Moderate expression for VCAM (CD-106) was seen in the welldifferentiated squamous cell carcinoma, and intense expression was seen in the fully developed keratoacanthoma and poorly differentiated squamous cell carcinoma. As a group, keratoacanthoma and squamous cell carcinoma are immunophenotypically distinct. There is a temporal related increase in expression of VCAM (CD-106) in conjunction with the evolution of keratoacanthoma. Increased expression of both markers is seen with squamous cell carcinoma dedifferentiation. Application of these markers might be an important adjunct in predicting the biologic behavior and pathogenesis of these lesions.
Keratoacanthoma are rapidly growing, crater-like neoplasms of the skin that typically affect hairy, sunexposed areas, especially the face, and dorsum of the arms and hands (1) . These are more common in fair skinned elderly males. They are cytologically identical to cutaneous squamous-cell carcinomas and it has been debated whether keratoacanthoma is a variant of squamous cell carcinomas or progress into squamous cell carcinoma (2) . While the majority of keratoacanthoma are benign and regress without treatment, there have been cases of metastasizing keratoacanthoma further adding to the confusion as to the nature of these neoplasms (3) . Because of this it is important to understand the pathogenesis and biologic behavior of keratoacanthoma.
In most instances, keratoacanthomas may be distinguished from squamous cell carcinoma. This distinction can be determined by growth characteristics, subtle histologic differences, and most recently, on differences in the expression of immunologically mediated adhesion molecule expression (4 -6) . Keratoacanthoma is characterized by rapid growth and involution in distinction to the gradual and inexorable growth of squamous cell carcinoma. Keratoacanthoma forms a symmetrical cup-shaped architecture confined to the dermis; whereas squamous cell carcinoma is typically asymmetrical with a variable architectural silhouette that may be seen extending as infiltrating single cells or tumoral islands into deeper levels of the dermis and subcutaneous fat (4) . Additional features characteristic of keratoacanthoma seen in the fully developed or resolving stages include the transepidermal elimination of elastic fibers, neutrophilic microabscesses, and eosinophils in the surrounding peritumoral stroma. The latter findings have suggested to some the possibility of a pathogenically distinct host or immunologically mediated response to these tumors (5) . This supposition has been underscored by studies that have shown differences in the expression of the surface adhesion molecules syndecan-1 and ICAM (CD-54) and involucrin, a cytoplasmic protein (5) (6) (7) (8) .
Cell to cell adhesion is regulated by adhesion molecules (9) . The adhesion receptors belong to four molecular families, including the selectins, integrins, mucinlike glycoproteins, and immunoglobin family molecules, including ICAM and VCAM. The latter are upregulated by cytokines including interleukin 1 and TNF-␣ associated with immunologic activation (10) (11) (12) . ICAM (CD-54) is expressed on endothelial cells and monocytes and has been shown to be increased in keratoacanthoma and poorly differentiated squamous cell carcinoma (5) . VCAM (CD-106) is released from activated endothelium and binds and regulates immune effector cells including neutrophils, lymphocytes, and eosinophils through interaction with integrin receptors (13) . The expression pattern and or intensity of VCAM (CD-106) have not been studied in keratoacanthoma or squamous cell carcinoma, to our knowledge.
Given the relative lack of inquiry involving adhesion molecule expression and their ascribed role in the normal immune response, we investigated a series of keratoacanthoma at various stages of development and squamous cell carcinoma of varying histologic grade with specific aims to ascertain 1.) whether keratoacanthoma and squamous cell carcinoma are immunophenotypically distinct; 2.) whether keratoacanthoma shows a difference in the expression of adhesion molecules at the various stages of development; 3.) whether there are differences in the level of adhesion molecule expression between well differentiated and poorly differentiated squamous cell carcinoma; and finally 4.) whether adhesion molecule expression has relevance in the pathogenesis of these lesions.
MATERIALS AND METHODS
A total of 50 cases of keratoacanthoma and cutaneous squamous cell carcinomas consisting of 10 evolving, 10 fully developed, 10 regressing, 10 well differentiated and 10 poorly differentiated squamous cell carcinoma were obtained from the surgical pathology files at the James A. Haley Veterans Administration Hospital, Tampa, Florida. Evolving keratoacanthoma were defined by the histologic presence of a symmetrical cup shaped proliferation of clear to glassy appearing epithelium associated with a distorted follicular infundibulum. The lesional cells possessed mild nuclear atypia with rare dyskeratotic cells. Fully developed keratoacanthoma consisted of larger more irregular infiltrating squamous nests and islands with increased dyskeratosis and scattered typical and atypical mitotic figures (Fig. 1) . The resolving keratoacanthoma consisted of superficial dermal lesions with, scalloped or jagged epithelial remnants punctuated by perforating strands of elastin, dermal fibrosis and squamous syringometaplasia (Fig. 2) . Well differentiated squamous cell carcinoma were defined by the presence of asymmetric nests and or single cell dermal invasion by epithelial cells showing cytologic atypia consisting of nuclear hyperchromasia, typical and atypical mitotic figures, tumor necrosis, dyskeratosis and cytoplasmic eosinophilia throughout all levels of neoplasm. Poorly differentiated squamous cell carcinoma consisted of more irregular and infiltrating cords of poorly keratinized epithelial cells with nuclear anaplasia, multinucleation, numerous typical and atypical mitotic figures and/or cytoplasmic spindling. None of the patients in this study were immunocompromised or possessed the multiple keratoacanthoma or familial syndromes of Ferguson-Smith, Gryzbowski, Zak-Witten or Muir-Torre Syndrome. Rare keratoacanthoma variants including the giant form, subungual, or keratoacanthoma centrifugatum marginatum were not studied. Chart review in all of the cases of keratoacanthoma and squamous cell carcinoma showed no record of metastases or of death due to disseminated disease.
All sections were fixed in formalin and embedded in paraffin. The immunohistochemical stains were ICAM (CD-54; Novocastra Laboratories, United Kingdom, 1:20 dilution) and VCAM (CD-106; Novocastra Laboratories, 1:50 dilution). All of the staining was done according to the manufacturer's instructions using the avidin-biotin complex (ABC) method with appropriate positive and negative controls. The results were interpreted by light microscopy and scored based on the intensity, pattern, and the location of tumor cell(s) stained. Intensity of stain was evaluated independently by two board-certified dermatopathologists (MM, BS) with scores averaged according to whether it was absent (0), weakly (1ϩ), moderately (2ϩ), or strongly positive (3ϩ). The range of immunohistochemical intensity observed for each marker and tumor was calculated. Qualitative assessments of the percentage and regions of each tumor were determined. Percentage of tumor cells staining was defined as complete absence of staining, Ͻ50%, or Ͼ50% staining of the tumor composition. Regional staining patterns consisted of either a diffuse pan-tumoral pattern or a tumoral-stromal basilar interface staining pattern. Statistics were determined by the Student (CD-106) , and ICAM (CD-54) among the various types of keratoacanthoma and squamous cell carcinoma.
RESULTS
The demographic features of the patients studied are shown in Table 1 . The average clinical follow-up was 2-6 years, ranging from 6 months to 4.2 years. Chart review failed to show any cases of metastasis or of death due to disseminated disease.
VCAM (CD-106) showed moderate diffuse cytoplasmic staining of the native dermal and subcutaneous fat vascular endothelium and dermal dendritic macrophages. Weak diffuse cytoplasmic staining of lymphocytes, eosinophils, and neutrophils was also observed. The epithelium of the adnexae and epidermis showed diffuse weak cytoplasmic staining.
ICAM (CD-54) showed moderately intense cytoplasmic membrane staining of the native endothelium, lymphocytes, and dermal dendritic cells. Other inflammatory cells including neutrophils and eosinophils showed weak membranous cytoplasmic staining. The adnexae and epidermis showed no staining.
The keratoacanthoma showed a variable pattern of VCAM (CD-106) and ICAM (CD-54) immunohistochemical intensity that was dependent upon the stage of tumor examined (Fig. 3) . Both markers showed weak to absent staining in the early evolving and late resolving stages of the tumors. VCAM (CD-106) showed the greatest increase in intensity in the fully developed stage with an average intensity of 2.2 Ϯ 1.2 for VCAM (CD-106) compared with 1.5 Ϯ 0.5 for CD-54. There was a statistically significant difference in CD-106 and CD-54 expression in the fully developed keratoacanthoma compared to the evolving/resolved keratoacanthoma, P ϭ .01 for CD-106 and P ϭ .03 for CD-54. There was no difference in the level of intensity between marker expression (CD-106 and CD-54) in the fully developed keratoacanthoma P ϭ .67. Greater than 50% of the lesional cells stained for CD-106 with less than 50% of the tumor cells stained for CD-54 ( Table 2 ). The pattern of staining was diffusely cytoplasmic for VCAM (CD-106) and membranous for ICAM (CD-54). CD-106 showed pan-tumoral staining and CD-54 showed preferential staining of the stromaltumoral basilar epithelium (Fig. 4) . The squamous cell carcinoma showed differential staining intensity depending upon the tumor grade. The well-differentiated squamous cell carcinoma showed an average intensity of 2.1 Ϯ1.0 and 2.0 Ϯ1.0 for VCAM (CD-106) and ICAM (CD-54) respectively (Fig. 5) . The intensity was increased at 2.9 Ϯ0.7 and 2.7 Ϯ0.7 for VCAM (CD-106) and ICAM (CD-54) respectively among the poorly differentiated squamous cell carcinoma. Although there was statistically significant difference in the expression of CD-106 and CD-54 between the fully developed keratocanthoma and poorly differentiated squamous cell carcinoma, P ϭ .05 CD-106, P ϭ .02 CD-54, there was no difference observed between the fully developed keratoacanthoma and welldifferentiated squamous cell carcinoma, P ϭ .81 CD-106 and P ϭ .32 CD-54. VCAM (CD-106) showed diffuse cytoplasmic staining compared with the membranous staining for ICAM (CD-54) in the squamous cell carcinoma. The patterns of staining showed greater than 50% of tumor cells stained throughout both carcinomas with CD-106 and the poorly differentiated squamous cell carcinoma with CD-54 ( Table 2) . CD-54 stained less than 50% of the tumor cells in well-differentiated squamous cell carcinoma. CD-106 showed pan-tumoral staining for both types of squamous cell carcinoma, with CD-54 showing a preferential tumor-stromal interface staining pattern in the well-differentiated squamous cell carcinoma and diffuse pan-tumoral staining in the poorly differentiated squamous cell carcinoma (Fig. 6) . 
DISCUSSION
Keratoacanthoma are rapidly progressing distinct histological tumors which frequently regress within several months. Their histological marker is a keratin-filled central crater, surrounded by squamous epithelium (14) . Cytologically they appear similar to squamous cell carcinoma (15) . Although the biologic behavior of keratoacanthoma is usually characterized by rapidly growing neoplasia, with regression in several months, there are cases of metastases (3) . This has led to the controversy over whether keratoacanthoma are a distinct entity or a variant of cutaneous squamous cell carcinoma (16, 17) . In this study we have looked at two adhesion molecules in an attempt to explain the biologic behavior and pathogenesis of keratoacanthoma.
In order to understand the biologic behavior and pathogenesis of keratoacanthoma we examined both keratoacanthoma and cutaneous squamous cell carcinoma on their basis of immunohistochemical staining of two adhesion molecules. The majority of keratoacanthoma used in our study came from sun-exposed areas on elderly fair skinned individuals, which was consistent with the literature on clinical features. We excluded certain variants of the keratoacanthoma, including the giant keratoacanthoma, Ferguson-Smith, subungual and those associated with Muir Torre syndrome. Unlike previous studies, our study divided keratoacanthoma into the following groupings; evolving, fully developed and resolving. This allowed us to compare keratoacanthoma at different stages in their biological development with the well differentiated and poorly differentiated squamous cell carcinoma.
VCAM (CD-106) is a member of the immunoglobulin superfamily of adhesion molecules involved in cell-to-cell interaction. It is involved primarily in leukocyte and endothelial cell interactions and is expressed mainly on endothelial cells, regulating leukocyte migration across blood vessel walls (18) . VCAM (CD-106) is found especially at areas of inflammation and is inducible by a number of cytokines including IL-1 and TNF-␣. ICAM (CD-54) is expressed on monocytes and endothelial cells in response to inflammatory cytokines, including TNF-␣. It is involved in the adhesion of neutrophils to the endothelium at the site of inflammation (12) . In a recent study of keratoacanthoma and squamous cell carcinoma, TNF-␣ was shown to be equally expressed in both tumor types (19) . This suggests that ICAM (CD-54) and VCAM (CD-106) would have equal expression in both tumor types. Our study has shown they do not. We show a seven fold increase in VCAM (CD-106) staining in fully developed keratoacanthoma over the evolving and involuting cases. This suggests a possible tumoral production of the adhesion molecules during this stage.
To date, VCAM (CD-106) has not been studied in keratoacanthoma. The study involving VCAM (CD-106) and cutaneous squamous cell carcinoma investigated its correlation with TNF-␣ in several epidermal tumors (20) . In our study, we found VCAM (CD-106) to increase in conjunction with evolution of keratoacanthoma and decrease with involution. An increase was also seen in squamous cell carcinoma dedifferentiation. These results are commensurate with an increased inflammatory response seen in conjunction with cytokine elicited immune response in fully developed keratoacanthoma.
ICAM has been studied in cutaneous squamous cell carcinoma and keratoacanthoma and the results of our study were consistent with the previous study in that both tumors stain positive for the adhesion molecule (5). Our study differed in that we showed less percentage of tumor staining of the keratoacanthoma and a greater percentage of tumor staining of the squamous cell carcinoma than the previous study. This is interesting in that ICAM (CD-54) is known to be up regulated in inflammatory dermatosis. It may be instructive that the strongest ICAM expression was found in fully developed lesions, at which point a brisk host response engenders the resolving phase of keratoacanthoma. As the inflammatory infiltrate subsides, there is a concomitant decrease in ICAM (CD-54) expression.
In conclusion, our results do not definitively answer the question as to the association between SCC and KA. However, temporal differences in VCAM (CD-106) and ICAM (CD-54) expression in keratoacanthoma may explain the observed differences in biologic behavior between these tumors. Further these results may offer some insights into the biologic course of keratoacanthoma. 
